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Abstract
We have characterized six novel genomes of human immunodeficiency virus type 1 (HIV-1) sampled from individuals infected in
Uganda and former Zaire. Four isolates (SE6954, SE8603, UG035, and UG266) had clear recombination patterns that included subtypes
A1, D and C. The two remaining strains (SE8646 and SE9010) also appeared to be recombinant but had a more complex pattern. To facilitate
the classification of these two genomes we developed a metric, the branching index, for characterization of “problematic” sequence
fragments that associate to a subtype cluster with a high bootstrap value but are only distantly related to the reference sequences. The
branching index is able to signal when parental representatives may be missing and a subtype classification thus is not meaningful. Several
fragments of SE8646 and SE9010 had a branching index below the subtype defining cutoff value (0.55) and, therefore, these genomes could
not be unequivocally classified. The branching index, with a cutoff value defined from analyses of HIV-1 reference sequences, may be a
useful approach not only for more conservative classifications of HIV-1 subtypes but also for analyzing relationships among other types of
sequences.
© 2003 Elsevier Inc. All rights reserved.
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Introduction
Human immunodeficiency virus type 1 (HIV-1) involves
several genetically divergent lineages that can be classified
into groups and subtypes based on their phylogenetic rela-
tionships. Group M contains the majority of genetic variants
and is subdivided into nine genetic subtypes, named A, B,
C, D, F, G, H, J, and K (Robertson et al., 1999, 2000). It is
well established that recombination is a frequent event
among HIV-1 viruses and that it can occur between differ-
ent subtypes as well as between viruses of different groups
(Jetzt et al., 2000; Leitner et al., 1995; Peeters et al., 1999;
Robertson et al., 1995; Sabino et al., 1994; Takehisa et al.,
1999). Some intersubtype recombinant viruses have had
capacity and opportunity to spread in human populations
and they are called Circulating Recombinant Forms (CRFs).
Until now, 15 CRFs have been described (http://hiv-
web.lanl.gov/seq-db.html).
There are clear differences in the geographic distribution
of HIV-1 subtypes and recombinants. The greatest degree of
genetic diversity has been found in Africa, especially Cen-
tral and West Africa. Subtypes A and C and CRF02-AG
seem to be the predominant forms, but all other subtypes
and many different recombinant strains have been found in
this region (Burns et al., 2002; Janssens, Buve, and Nken-
gasong, 1997; Louwagie et al., 1995; Peeters, 2000; Toure-
Kane et al., 2000).
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Here, we describe six full-length HIV-1 genomes sam-
pled from individuals that were infected in Uganda and
former Zaire. All viral genomes appeared to be recombinant
with subtype patterns not described previously. Four se-
quences had clear recombination patterns that involved sub-
types A1, D, and C. The two remaining sequences shared
the same complex genetic arrangement with fragments that
appeared to be derived from subtypes A, G, H, and K but
with unclear breakpoints. During the classification of these
complex genomes, many of the involved sequence frag-
ments failed to associate strongly to a specific subtype. This
is a relatively common problem when analyzing HIV-1
sequences, and there is currently no general consensus on
determining when a sequence should be classified as a
specific subtype and when it should be labeled U for “un-
identified” or “unclassified.” There are two parameters that
should be considered: (a) the strength of support for the
clade (e.g., the bootstrap value that defines the reliability of
the association of the unknown sequence to the subtype
cluster) and (b) the genetic distance from the unknown
sequence to the reference sequences of the subtype cluster.
In general, a bootstrap value of 70% or above has shown to
be a significant support for a cluster association under cer-
tain conditions (Hillis and Bull, 1993) and is commonly
used as a cutoff value for subtype classifications. However,
there is no agreement on a general strategy for deciding how
distant a taxon can be from a certain subtype cluster and still
be considered a member of that subtype.
In this study we developed a simple metric for classifi-
cation of sequence fragments that associate to a subtype
branch with high bootstrap values but lack close relation-
ships to the subtype reference sequences. For this we ex-
amined the relative distance from the node of the unknown
sequence to the most recent common ancestor (MRCA) of
the reference subtype cluster and calculated a “branching
index.” The new metric was evaluated on reference se-
quences of HIV-1 and was further used to classify problem-
atic subtype fragments of the new viral isolates.
Results
Full-length genome comparisons to other HIV-1 strains
The sequence lengths of the six study samples are indi-
cated in Table 1. All isolates had a genome structure typical
for HIV-1 and contained no major deletions or rearrange-
ments. In a tree analysis of complete HIV-1 genomic se-
quences, SE8646 and SE9010 formed a monophyletic clus-
ter, UG266 and UG035 formed another cluster, and SE8603
formed a separate lineage (not shown). None of these se-
quences associated strongly to any previously known sub-
type or recombinant strain. SE6954 clustered together with
four sequences from Tanzania (Accession Nos. AF442566,
AF442568, AF442569, and AF442570) that have been de-
scribed as A/D recombinants (Koulinska et al., 2002). How-
ever, when SE6954 was compared to these sequences with
similarity plotting and bootscanning analysis it became
clear that the recombination pattern of SE6954 was different
from all of the four Tanzanian sequences.
Recombination patterns of SE6954, SE8603, UG035, and
UG266
The recombinant structures of the virus genomes esti-
mated from similarity plotting, bootscanning, breakpoint
optimization by 2 analysis and phylogenetic tree analyses
are illustrated in Fig. 1. Isolates SE6954, UG035, and
UG266 were recombinant between subtypes A1 and D,
whereas isolate SE8603 involved subtypes A1, D, and C.
Recombination breakpoints were identified at the P 
0.0001 level and the subtype designations of all fragments
were supported by bootstrap values over 90%.
Recombination analysis of SE8646 and SE9010
The similarity and bootscanning plots of SE8646 and
SE9010 showed complex but similar patterns with the stron-
gest associations to subtypes A, G, H, and K but without
well-defined breakpoints (not shown). Several plausible
breakpoints were analyzed by a 2 test and phylogenetic
tree-building methods, and subsequently fragments (1–4, 6,
9–11) resembling subtypes A, G, H, and K could be iden-
tified that were supported by bootstrap values over 70%
(Fig. 1). However, SE8646 and SE9010 clustered distinctly
outside the subtype reference sequences in the phylogenetic
trees of all fragments, and some regions (fragments 5, 7, and
8) remained unclassified because of low bootstrap values.
Estimation of a cutoff value for the branching index
In order to compare how an unknown sequence behaves
in a phylogenetic tree analysis when close subtype relatives
are absent (situation I) or present (situation II) we mimicked
data for situations I and II using the subtype reference
alignment. In situation I we excluded all sequences of a
subtype but one and examined how that sequence clustered
relative to the other sequences in a phylogenetic tree. In
situation II we examined how the sequences clustered when
Table 1
Information about the study samples
HIV-1
sample
Country of
infection
Isolation year Sequence
length (bp)
Acc. No.
SE6954 Uganda 1993 8879 AF075701
SE8603 Uganda 1995 8955 AF075702
SE8646 Uganda 1995 9074 AY352654
SE9010 DRC* 1995 9066 AY352655
UG035 Uganda 1992 8989 AY352656
UG266 Uganda 1990 8986 AY352657
* Former Zaire.
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their subtype partners were present. For both situations we
calculated the branching index (BI) as described under Ma-
terials and Methods. Situations I and II yielded 57 and 49
observations, respectively. When we plotted the BI obser-
vations from situations I and II in the same chart, a clear
difference was observed between the two distributions of
data (Fig. 2A). The situation I distribution ranged from 0 to
0.75. Values below zero correspond to observations that
were excluded because the investigated sequence clustered
outside all subtype branches (n  23). The situation II
distribution ranged from 0.41 to 1 and here values above
one correspond to observations that were excluded because
the subtype cluster was formed as two bifurcations and thus
the most outlying sequence could not be defined (n  11).
As seen in Fig. 2A, the two distributions were not com-
pletely separated but overlapped within the interval 0.41 to
0.75. If we consider the branching index as a test for
deciding if a sequence belongs to the reference subtype
(BI cutoff value, positive test) or not (BI cutoff value,
negative test), the diagnostic features sensitivity, specificity
and positive and negative predictive value can be calculated.
Figure 2B shows how the sensitivity and specificity behaves
for different cut off values. A rational way to estimate a
cutoff value for determining when a sequence should be
classified as belonging to a known subtype is to find the
crossing point between the sensitivity and the specificity.
This yields a cutoff value of 0.55, with the sensitivity 0.94
and the specificity 0.95. The positive and negative predic-
tive values for this cutoff value are 0.94 and 0.95, respec-
tively. Moreover, if we consider it necessary to have less
than 5% false positive and negative values, only sequences
with a BI  0.57 should be considered as belonging to the
subtype in question and those with a BI  0.52 should be
considered as belonging to no defined subtype. In this case
we have a “gray-zone” ranging from 0.52 to 0.57 and
sequences with a BI within that interval have somewhat
lower probability of being accurately classified by this
method. In the following text we use 0.55 as a cutoff value
with an uncertainty zone ranging from 0.52 to 0.57. The BI
in situations I and II across the 10 analyzed genome divi-
sions showed that this cutoff value was useful throughout
the HIV-1 genome (Fig. 3).
Branching index of the new recombinant genomes
The BI calculated for all previously defined fragments of
the new recombinant genomes are shown in Table 2 to-
gether with the corresponding bootstrap values. For SE8646
and SE9010, the joint BI for both sequences was calculated.
Most sequence fragments of SE6954, SE8603, UG037, and
UG266 were well supported by BIs of one or close to one.
An exception was fragment 4 of SE8603 that showed a BI
of 0.65 to subtype C, which is quite low but still above the
estimated cutoff uncertainty zone. The fragments of SE8646
and SE9010 were less well supported by the BI analysis.
Fragments 1, 8, 9, and 11 had BIs below the cutoff value
and should thus be regarded as unclassified according to our
results from the situation I and II studies above. Fragment 8
was already regarded as unclassified because of the low
bootstrap value. In fragment 5 the sequences clustered
within the unresolved F1/F2 cluster and in fragment 7 out-
side the J and C clusters. Bootstrap values were low in both
Fig. 1. Genetic arrangements of SE6954, SE8603, UG035, UG266, SE8646, and SE9010. Schematic diagrams are shown of the subtype patterns from the
six genomes as suggested from bootscanning, maximization of 2, and phylogenetic tree analyses. The fragments are labeled with numbers that are referred
to in the text. The potential subtypes of fragments supported by a bootstrap value above 70% are indicated with specific patterns, others are left white (U).
Note that fragments 1, 9, and 11 of SE8646 and SE9010 have BI  0.55 (Table 2).
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cases and no BI was calculated. Fragments 2–4, 6, and 10
had BIs between 0.58 and 0.79, which should be considered
consistent with their subtype classifications according the
subtype defining cutoff value. However, it should be noted
that no genomic part of SE8646 and SE9010 clustered
within the reference sequences. Figure 4 shows examples of
phylogenetic trees that were used to calculate BIs for
SE8646 and SE9010.
Discussion
In this study we have characterized the recombinant
structure of six virtually full-length HIV-1 genomes. In four
cases the classification was fairly straightforward and com-
prised subtypes A, D, and C. The two remaining cases
(SE8646 and SE9010) had patterns that were difficult to
resolve. Therefore, we developed a new metric, the branch-
ing index, to aid in the classification of new potential re-
combinants. The branching index is able to signal when
parental representatives may be missing and a subtype clas-
sification thus is not meaningful.
As seen in Fig. 1, the virus genomes UG035 and UG266
appear to have similar, but not identical, recombination
patterns. Because they also clustered together in the full-
length tree analysis, it is alluring to assume that these
isolates were derived from the same recombinant ancestor.
However, bootscanning patterns and 2 analysis of infor-
mative sites demonstrated that the breakpoints of UG035
and UG266 were clearly distinguished from each other.
Phylogenetic tree analyses of individual fragments of
UG035 and UG266 showed that although these two se-
quences fell within the same subtype cluster in many
genomic regions, they did not position closer to each other
than to the reference sequences of the cluster as would have
been expected if they shared a recent common origin. Thus,
despite the apparent similarities in recombination patterns,
we do not believe that they are descendents of the same
recombinant strain. However, we cannot exclude the possi-
bility that they in fact are related but that extensive sequence
evolution, perhaps together with additional recombination
events, has caused the discrepancies.
In the phylogenetic tree of complete HIV-1 genomes the
sequence SE6954 clustered together with four other A/D
Fig. 3. The BI behavior across the HIV-1 genome. The HIV-1 subtype
reference alignment of the year 2000 from the HIV sequence database was
divided into 10 segments of approximately 1000 bp. Situation I (white
dots) and situation II (black dots) BI averages for each of the 10 segments
are shown. Error bars show 1 SD and the bold line indicates the BI cutoff
value (0.55).
Fig. 2. (A) Comparison of branching indexes (BIs) from situations I and II.
White bars show the situation I distribution (with subtype partners absent),
and black bars show the situation II distribution (with subtype partners
present) as described under Materials and Methods. The BI categories are
shown on the x axis and the number of observations on the y axis. The
vertical dotted line indicates the suggested cutoff value 0.55 for subtype
verification, and the gray zone is the zone of uncertainty referred to in the
text. (B) Sensitivity and specificity of the BI test for different cutoff values.
Squares indicate the sensitivity and triangles the specificity.
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sequences from Tanzania. These unlinked sequences de-
rived from vertically transmitted newborns were character-
ized as having similar, but not identical, recombinant ar-
rangements (Koulinska et al., 2002). Although our sequence
SE6954 displayed a fifth, unique recombination pattern, at
least two breakpoints coincide with three or four of the
Tanzanian genomes (in the end of vpr and in gp41 of env).
The common genetic arrangement in this part of the genome
may be either evidence of a common ancestral origin of the
sequences or an indication of genetic determinants that
provide improved viral fitness as suggested before (Koulin-
ska et al., 2002).
Due to the lack of closely related sequences, we are
reluctant to draw any definite conclusions of the isolates
SE8646 and SE9010. Despite high bootstrap values in some
regions, the branching index was in many cases below the
suggested cutoff value of 0.55. In five regions both boot-
strap values and branching index together supported the
subtype classification (G and K), but still our new sequences
were not very closely related to the respective reference
sequences. One interpretation is that these sequences may
be recombinant genomes composed of distantly related rep-
resentatives to our known subtypes, perhaps as a result of an
early recombination event in the history of the HIV-1 M-
group. Another possibility is that SE8646 and SE9010 are
recombinants constituted of one or more subtypes that have
not been identified. Furthermore, a nonrecombinant origin
of these sequences may also be possible. However, both
bootscanning plots and phylogenetic analyses suggested a
close relationship between SE8646 and SE9010 in virtually
the entire genome. Because the patients most likely were
infected in different countries (Uganda and Zaire) it is not
probable that they have any direct epidemiological linkage.
Therefore, these two isolates may be representatives of a
new CRF or, if nonrecombinant, a previously unidentified
subtype.
The biological significance of subtype diversity and re-
combinant forms is not fully understood. It is still contro-
versial whether different subtypes and recombinant forms
differ in transmissibility and virulence (Alaeus et al., 1999a;
Hu et al., 1999; Kaleebu et al., 2001; Kanki et al., 1999;
Neilson et al., 1999) but several groups have reported on
differences in coreceptor usage between the different sub-
types (Peeters et al., 1999; Tscherning et al., 1998; Zhang et
Table 2
Characterization of sequence fragments of the new HV-1 genomes
HIV-1 genome Genome
fragment
Fragment
(HXB2 position)a
Potential
subtypeb
P value for 3
breakpointc
Bootstrap
valued
Branching
Index
SE6954 1 681–3767 D 0.0001 99 1
2 3768–4056 A1 0.0001 96 0.851
3 4057–6322 D 0.0001 90 1
4 6323–8338 A1 0.0001 100 1
5 8338–9644 D 100 1
SE8603 1 782–1743 A1 0.0001 92 1
2 1744–2864 D 0.0001 99 1
3 2865–8682 A1 0.0001 100 1
4 8683–9529 C 100 0.654
UG035 1 635–6400 A1 0.0001 100 1
2 6401–8522 D 0.0001 100 0.718
3 8523–9644 A1 97 1
UG266 1 635–5211 A1 0.0001 100 1
2 5212–5842 D 0.0001 94 1
3 5843–6430 A1 0.0001 96 1
4 6431–9142 D 0.0001 100 1
5 9143–9635 A1 93 1
SE8646 & SE9010 1 635–1775 A1 0.0001 89 0.491
2 1776–3418 G 0.001 100 0.585
3 3419–3797 K 0.001 92 0.785
4 3798–4401 G 0.01 100 0.709
5 4402–4641 F1/F2e 0.01 26 —
6 4642–5020 G 0.01 83 0.620
7 5021–5581 J/Ce 0.01 15 —
8 5582–6083 K 0.01 45 0.207
9 6084–8351 H 0.0001 100 0.487
10 8352–8927 G 0.001 82 0.595
11 8928–9411 K 93 0.475
a The breakpoints estimated from bootscanning analysis and maximization of 2 are shown as corresponding HXB2 positions.
b The closest subtype cluster to the analyzed fragment as suggested by bootscanning and neighbor-joining tree analysis.
c The probability of the 3 breakpoint of the fragment determined by a 2 test for heterogeneity of informative sites between adjacent fragments.
d Bootstrap values from 500 replicates are shown.
e In these regions the investigated sequences clustered with multiple subtypes. Therefore, the BIs are not given.
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al., 1996). It has also been reported that subtype-specific
patterns of drug resistance mutations exist (Caride et al.,
2001; Loemba et al., 2002; Maljkovic et al., 2003), but it is
unclear whether this corresponds to phenotypic differences
in response to therapy and development of drug resistance.
In addition, there are data indicating that the effects of
vaccines (Ljungberg et al., 2002; Wahren et al., 2002) and
molecular diagnostic tests (Alaeus et al., 1999b; Triques et
al., 1999b) may depend on the subtype that is analyzed.
Above all, the classification of HIV-1 strains into genetic
subtypes and recombinant forms has been a powerful epi-
demiological tool to track the course of the global spread of
the virus. For these reasons it is important to make accurate
classifications of subtypes and recombinant forms.
Here we describe a new approach that can be helpful in
the classification of “problematic” HIV-1 sequence frag-
ments that show only weak relationships to known sub-
types. We consider it necessary to take into account the
genetic distance from an unknown sequence to the reference
subtype cluster and not only rely on bootstrap values. Based
on the relative position of the node of the unknown se-
quence at the branch that distinguishes the subtype cluster
we define a “branching index” (BI). There are some limi-
tations of our method that should be noticed. First, the
branching index is highly dependent on the selection of
reference sequences. For consistency, we suggest that the
proposed subtype reference sequences of the HIV sequence
database (Kuiken et al., 2002) always should be used as a
standard when calculating BI for subtype determination.
This is important because if different reference sequences
are used by different investigators, the branching index may
not give comparable results. However, the subtype refer-
ence set may need updating after a few years of HIV
evolution and research, and then the BI cutoff value should
be evaluated again. Second, the BI is dependent on the
model of evolution and tree-building method that is used.
Here we used the F84 substitution model and the neighbor-
joining method because this combination is both relatively
fast in performance and yet has shown to make good esti-
mates of subtype determinations and true topologies (Hillis,
Huelsenbeck, and Cunningham, 1994; Kuiken and Leitner,
2001; Leitner et al., 1996). Although maximum likelihood
trees in many cases have shown to perform better than
neighbor-joining trees (Hillis, Huelsenbeck, and Cunning-
ham, 1994; Leitner et al., 1996), these analyses are very
computer-intensive and would not be practical to use. This
is also the reason why neighbor joining most often is the
method of choice in both bootstrap and bootscanning anal-
yses. Ideally, it is possible that ML would improve the
performance of the BI. In a limited comparison, however,
NJ and ML gave similar BI results. Third, it is not obvious
where the cutoff value for subtype classification should be
set. Here we suggest a cutoff value of 0.55 based on exper-
imental data mimicking situations where parental represen-
tatives are either missing or present. We observed that even
the reference sequences sometimes failed to fulfill the cri-
teria for subtype classification and that they sometimes had
BIs that would classify them as members of other subtypes
when their original subtype partners were excluded. Within
the interval 0.52–0.57 the proportion of incorrect classifi-
cations was higher than 0.05. For this reasons we recom-
mend any prospective users to be careful when applying the
cutoff value as a test for subtype verification. Nevertheless,
the cutoff value can serve as a guideline and a BI above or
close to it may be an important indication that a sequence
(despite a high bootstrap value) should not be classified as
that subtype before more thorough analyses have been per-
formed. When analyzing recombinant sequences a low BI
may also be an indication of inaccurately located break-
points. In our material we noted that the branching index
sometimes improved when the breakpoints were narrowed
so that the fragment become smaller. Finally, it is important
Fig. 4. Examples of phylogenetic trees that were used to calculate the BI for fragments of SE8646 and SE9010. The sequences were aligned to subtype
reference sequences and trees were constructed using the neighbor joining method and the F84 substitution model. Fragments 2, 4, and 9 of SE8646 and
SE9010 are shown. The nodes that determine the BI are indicated with white circles on bold branches and their corresponding BIs are given.
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to remember that it is not meaningful to calculate the BI for
a sequence association that is poorly supported by a low
bootstrap value, and like the bootstrap analysis, the BI
analysis may not give reliable results if the sequence is very
short or for other reasons contains few informative sites.
An alternative to calculating branching index is to look at
pairwise distance comparisons to known subtype sequences
as suggested in the HIV-1 Nomenclature proposal of 1999
(Robertson et al., 1999, 2000). This can be done with the
online Subtype Distance Tool (SUDI) at the HIV sequence
database Web site or by using distance-based plotting in
Simplot (Lole et al., 1999). The main advantage of using BI
is that it takes into account not only the genetic distance but
also the tree structure. The branching index can also be
easily estimated from one single tree by the eye, and the
suggested cutoff of 0.55 is conveniently close to 50% of the
subtype-defining branch.
In the present study we used the BI to resolve the subtype
classification of sequence fragments of our new HIV-1
genomes. However, the use of a branching index may also
be beneficial when analyzing sequences from other organ-
isms than HIV-1. The most natural examples include sub-
typing and recombination analysis of other viral sequences,
although the BI behavior must be evaluated separately for
each such case.
Materials and methods
Samples
Information about the study samples is summarized in
Table 1. The genomic sequences of SE6954 and SE8603
and partial sequences of UG035 and UG266 have been
available in GenBank for some years but the full-length
sequences have not been properly described before. The
samples SE6954, SE8603, SE8646, and SE9010 were col-
lected in Sweden from HIV-1-positive immigrants of Afri-
can origin during the years 1993–1995. Samples UG035
and UG266 were collected in Uganda in 1990 and 1992
(Louwagie et al., 1993, 1995; WHO Network for HIV
Isolation and Characterization, 1994). There was no evi-
dence of any transmission linkage among any of the pa-
tients.
Amplification and sequencing
Viral DNA was extracted from patient peripheral blood
mononuclear cells (PBMC) cocultured with donor cells and
amplified in virtually full-length as described previously
(Salminen et al., 1995). The cloned genomes were se-
quenced with walking primer approach using standard
dideoxy terminator fluorescent automated sequencing meth-
odology (Applied Biosystems, Foster City, CA) and ABI
373 and 377 sequencing machines. The sequences were
evaluated and assembled into contigs using Sequencher
software (Genecodes Inc., Ann Arbor, MI).
Phylogenetic and recombination analyses
The sequences were manually aligned to the HIV-1 full-
length alignment of year 2001 from the Los Alamos HIV
sequence database (Kuiken et al., 2002) using the GDE
software (Smith, 1992). Regions that were difficult to align
and therefore would give unreliable results were removed.
In order to reveal full-length relationships to previously
described HIV-1 genomes, a phylogenetic analysis with
bootstrap values (500 replicates) was performed on the
full-length alignment using the PHYLIP programs SEQ-
BOOT, DNADIST (with the F84 maximum likelihood
model), NEIGHBOR, and CONSENSE (Felsenstein, 1993).
The sequences were also analyzed by similarity plotting and
bootscanning using SimPlot v3.2 beta (Lole et al., 1999;
Ray, 1999) with the subtype reference sequences of the HIV
sequence database (Kuiken et al., 2002) used as 50% con-
sensus sequences. Recombination breakpoints were deter-
mined by identification of informative sites and maximiza-
tion of 2 as previously described (Robertson, Hahn, and
Sharp, 1995). Each phylogenetically informative site sup-
port one of three possible phylogenetic associations among
four taxa (the query sequence, two candidate subtypes, and
one outgroup) and the 2 test is used to locate the maximal
difference in the number of informative sites on either side
of a putative breakpoint. Only breakpoints with probabili-
ties0.01 were considered. These breakpoints were used to
divide the genomes into fragments that were analyzed sep-
arately by phylogenetic tree-building methods as described
earlier. For these analyses the HIV-1 subtype reference
alignment of the year 2000 from the HIV sequence database
were used that includes two to four reference sequences of
each subtype (http://hiv-web.lanl.gov/seq-db.html).
Estimating the branching index behavior
In order to get a better understanding of how a sequence
behaves in a phylogenetic tree when close relatives are
missing (situation I), a simulation study was set up. We used
the HIV-1 subtype reference alignment of the year 2000
from the HIV sequence database and divided the alignment
into 10 segments of approximately 1000 bp. We chose one
subtype and excluded all sequences but one (sequence X) of
that subtype and constructed neighbor-joining trees (using
the F84 model) from each of the 10 segments of the align-
ment. If sequence X clustered together with the sequences
of any of the other subtypes in any of the trees we calculated
the distance from the beginning of the subtype defining
branch to the node of sequence X. This distance (a) was
divided with the total length of the subtype branch (a  b)
(Fig. 5). This ratio [a/(a  b)] was termed the branching
index (BI). If the sequence did not cluster to any subtype
branch, but instead was positioned closer to the center of the
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tree, the observation was excluded. We repeated the proce-
dure for all other subtypes and calculated the branching
index for one single representative of each subtype in the 10
genomic segments. Then we wanted to compare these data
to the opposite scenario (e.g., when we analyze a sequence
to which closely related sequences are known) (situation II).
For this situation, we constructed neighbor-joining trees
using the same alignment segments but with all reference
sequences present. Now we calculated the branching index
for the most outlying sequence of each subtype cluster
relative to the remaining sequences of the cluster. If the
subtype cluster was partitioned into two nonladder like
bifurcations the most outlying sequence could not be de-
fined and the observation was excluded. Subtypes J and K
could not be tested for situation II because only two full-
length genomes are available and it is not possible to cal-
culate a branching index in such cases. The sub-subtypes of
subtypes A and F are not as distantly related as true sub-
types and, therefore, sequences belonging to sub-subtypes
A2 and F2 were excluded in both situations I and II (Gao et
al., 2001; Triques et al., 1999a). It is also known that
subtypes B and D are more closely related to each other than
to the other subtypes and it has been shown that they behave
like sub-subtypes rather than subtypes (Cornelissen et al.,
1997; Robertson et al., 1999, 2000). For that reason, subtype
D sequences were also excluded since the close relationship
between subtypes B and D otherwise biased the BI analysis
(results not shown). In summary, situation I included sub-
types A1, B, C, F1, G, H, K, and J and yielded 57 obser-
vations (23 observations were excluded for the above men-
tioned reason) and situation II included subtypes A1, B, C,
F1, G, and H and yielded 49 observations (11 observations
were excluded).
Accuracy of the BI test
The branching index was regarded as a diagnostic test for
deciding if a sequence belongs to the reference subtype
(BI cutoff value, positive test) or not (BI cutoff value,
negative test), and thus the diagnostic features sensitivity,
specificity, and positive and negative predictive value were
calculated. The sensitivity was defined as the probability of
having a positive test among sequences that belong to the
reference subtype. It was calculated as the proportion of
observations in the situation II distribution that had a
BIcutoff value and is equal to 1  (proportion of false
negatives). The specificity was defined as the probability of
having a negative test among sequences that do not belong
to the reference subtype and was calculated as the propor-
tion of observations in the situation I distribution that had a
BIcutoff value. The specificity is equal to 1 (proportion
of false positives). The positive predictive value was calcu-
lated as the proportion of observations that belonged to the
situation II distribution out of all observations with a
BIcutoff value and the negative predictive value was
calculated as the proportion of observations that belonged to
the situation I distribution out of all observations with a
BIcutoff value.
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